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1. [bookmark: _Ref18181]Introduction
In RAN1#116bis, the support of Redcap/eRedcap UEs for NR-NTN was discussed and following observations are achieved.
	Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB. 

Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision. 

Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.


In this contribution, the potential issues for (e)RedCap HD-FDD UEs in NR-NTN are further analyzed. 
2. Discussion on potential issues
2.1 TA misalignment
In NTN, assuming the capability of TA report is supported for the HD-FDD UE and the gNB has received the TA report, TA misalignment between the gNB side and the UE side is mainly caused by two factors: the granularity of the TA report is not fine enough, and the TA report is outdated. 
For the former, in TS 38.321, the granularity of the TA report is defined as one slot with 15 kHz subcarrier spacing. That means there is 1 ms timing uncertainty between the gNB and the UE. For the latter, due to the movement of UE and satellite, the relative location between UE and satellite changes over time, resulting in TA deviation between the actual TA applied by the UE and the TA received in latest TA report by the gNB. This TA deviation is bounded by the offset threshold for TA report triggering, which can be as small as 0.5ms. Therefore, the TA mismatch can be within 1ms if taking the TA granularity & the offset threshold configuration into account when TA report is supported. 
Moreover, even if TA report is not supported, gNB can still know the TA range based on the coverage area. And the TA mismatch is smaller than the maximum TA difference within the beam. LEO/GEO scenarios with set-1 parameter are taken as examples for evaluating the maximum TA difference. In LEO scenario with altitude = 600 km, assuming existing a beam with beam size = 50 km and elevation angle from beam center = 30°, the maximum TA difference is less than 300 us. In GEO scenario, assuming beam size = 250 km and elevation angle from beam center = 10°, the maximum TA difference is about 1700 us. Given the above two examples, it can be observed that the TA difference within a beam is limited for the typical scenarios.
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Figure 1 The maximum TA difference in a beam
Observation 1: When TA report is supported, the TA mismatch between UE and gNB comprises: the granularity of the TA report is not fine enough and the TA report is outdated. With proper configuration, the TA mismatch can be within 1 ms.
Observation 2: When TA report is not supported, the TA mismatch between UE and gNB is smaller than maximum TA difference within a beam. The TA mismatch can be within 0.3 ms for LEO-600 set-1 and 1.7 ms for GEO set-1.
2.2 Error cases 3 and 4
In RAN1#116bis, it was observed that occurrence of error cases 3 and 4 can be avoided by network scheduling, but at cost of less resources available for the scheduled UE in NTN than TN as shown in Figure 2. However, how much resource will be unavailable is still not clear. In this section, the analysis on the performance degradation is provided. 
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[bookmark: _Ref158021703]Figure 2 Avoid UL-DL collision based on TA
As analyzed above, the TA mismatch can be within 1ms when TA report is supported regardless of the satellite parameter. Therefore, only 1 ms resource may need to be reserved between DL and UL transmission to avoid the error cases 3 and 4 for a scheduled UE. When the average interval between two switch points is X ms, where X refers to the resource used for transmission/reception for the target UE, the ratio of unavailable resource for the UE (used to quantize the significance of impacts) is at most 1/X, especially considering that transmission duration in NTN is generally longer than in TN due to repetition. 
Moreover, if TA report is further enhanced, e.g., by introducing finer TA report granularity and smaller triggering offset threshold, the ratio of unavailable resource can be further reduced. Hence, the ratio of unavailable resource due to avoiding error cases 3 and 4 can be tolerable when TA report is supported. No need of introducing collision handling rules for error cases 3 and 4 is foreseen.
[bookmark: _GoBack]Observation 3: The ratio of unavailable resource for the scheduled UE due to avoiding error cases 3 and 4 is limited, especially considering that repetition transmission can be performed in NTN to handle the large path loss.
Observation 4: With finer TA report granularity and triggering offset threshold, the ratio of unavailable resource for the scheduled UE due to avoiding error cases 3 and 4 can be further reduced due to smaller TA mismatch.
Proposal 1: TA report can be enhanced by introducing finer granularity and triggering offset threshold to further reduce the ratio of unavailable resource due to avoiding collisions.
Proposal 2: For error cases 3 and 4, no need of introducing collision handling rules is foreseen when TA report is supported.
2.3 Collision cases 1, 2, 5 and 6
For collision cases 1, 2, 5 and 6, when TA report is supported, the network can avoid the collision by proper scheduling as shown in section 2.2. And as discussed above, the performance loss is negligible. Even if the network does not watch out the scheduling and just let the collision happen, the UE can handle the collision based on existing handling rules. Therefore, no need of enhancement is foreseen.
Proposal 3: For collision cases 1, 2, 5 and 6, no need of enhancement is foreseen.
2.4 Slot counting for UL repetition transmission colliding with SSB reception
For PUSCH repetition type A and AvailableSlotCounting enabled, or TBoMS, the slot colliding with SSB reception and switching time will not be counted for PUSCH transmission in current specification, e.g., as shown below.
	TS 38.214
For the case of a reduced capability half-duplex UE, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2 when AvailableSlotCounting is enabled and K>1, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot does not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.


However, due to the TA mismatch between actual TA used by UE and assumed TA at the gNB in NTN, gNB may not know which UL slot overlaps with SSB at UE and thus may not achieve consensus with UE on which slots to be counted. As mentioned in the observation in section 1, there may be a BLER performance degradation for the reception of UL transmissions at the gNB in this case due to, e.g., dropping of the UL transmissions where collision may happen. The motivation of available slot counting is to ensure that no UL transmission will be dropped due to collision and ensures good reception performance at gNB. Hence, it is preferred to enhance this feature to ensure all UL transmissions mapped to available slots instead of leaving the detection up to gNB implementation. To achieve consensus between UE and gNB on available slots and avoid the BLER performance degradation, a potential solution is that all the UL slots that may overlap with SSB and switching time are not counted for PUSCH transmission.
Currently, the TA report is triggered when the TA variation is larger than offsetThresholdTA configured by gNB. That is, the TA mismatch is at most offsetThresholdTA. If UE receives SSB during [t_start, t_end], the UL-DL collision can be avoided if any slot overlapping with [t_start – offsetThresholdTA –  + (TA_actual – TA_report), t_end + offsetThresholdTA +  + (TA_actual – TA_report)] are not counted. gNB can also determine these slots based on the SSB transmission time, reported TA, and configured offsetThresholdTA.
Proposal 4: To achieve consensus on the available slots for PUSCH transmission for PUSCH repetition type A when AvailableSlotCounting is enabled and K>1, or for TBoMS, a slot is not counted if at least one of the symbols in the slot does not start or end at least  or (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
2.5 Invalid symbol determination for PUSCH repetition type B
For PUSCH repetition type B, the symbol colliding with SSB reception and switching time will be regarded as invalid for PUSCH transmission in current specification, e.g., as shown below.
	TS 38.214
For a reduced capability half-duplex UE in paired spectrum, symbols that do not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index indicated by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by NonCellDefiningSSB, or by ssb-PositionsInBurst in SSB-MTC-AdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.


The issue is similar to the slot counting in section 2.4. Hence, similar solution can be used to resolve the ambiguity on invalid symbol. 
Proposal 5: To achieve consensus on the valid symbols for PUSCH transmission for PUSCH repetition type B, symbols that do not start or end at least  or  (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block are considered as invalid symbols.
2.6 Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling
For DMRS bundling, as shown in the observation, the actual TDW determination at UE and gNB may be different due to TA mismatch, which may lead to a BLER performance degradation for UL reception at gNB. However, as mentioned in section 2.2, the TA mismatch can be as small as 1 ms when TA report is supported. Hence, the BLER performance degradation will be limited by excluding the DMRSs that may overlap with DL transmission during the detection at gNB. 
Moreover, for PUSCH repetition type A and AvailableSlotCounting enabled, or TBoMS, if the enhancement in section 2.4 is applied, UE and gNB will achieve consensus on the slots for UL transmission and determine same actual TDW, where no additional enhancement for DMRS bundling is needed.
Proposal 6: For actual TDW determination, no need of specific enhancement is foreseen when TA report is supported.
3. Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: When TA report is supported, the TA mismatch between UE and gNB comprises: the granularity of the TA report is not fine enough and the TA report is outdated. With proper configuration, the TA mismatch can be within 1 ms.
Observation 2: When TA report is not supported, the TA mismatch between UE and gNB is smaller than maximum TA difference within a beam. The TA mismatch can be within 0.3 ms for LEO-600 set-1 and 1.7 ms for GEO set-1.
Observation 3: The ratio of unavailable resource for the scheduled UE due to avoiding error cases 3 and 4 is limited, especially considering that repetition transmission can be performed in NTN to handle the large path loss.
Observation 4: With finer TA report granularity and triggering offset threshold, the ratio of unavailable resource for the scheduled UE due to avoiding error cases 3 and 4 can be further reduced due to smaller TA mismatch.
Proposal 1: TA report can be enhanced by introducing finer granularity and triggering offset threshold to further reduce the ratio of unavailable resource due to avoiding collisions.
Proposal 2: For error cases 3 and 4, no need of introducing collision handling rules is foreseen when TA report is supported.
Proposal 3: For collision cases 1, 2, 5 and 6, no need of enhancement is foreseen.
Proposal 4: To achieve consensus on the available slots for PUSCH transmission for PUSCH repetition type A when AvailableSlotCounting is enabled and K>1, or for TBoMS, a slot is not counted if at least one of the symbols in the slot does not start or end at least  or (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
Proposal 5: To achieve consensus on the valid symbols for PUSCH transmission for PUSCH repetition type B, symbols that do not start or end at least  or  (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block are considered as invalid symbols.
Proposal 6: For actual TDW determination, no need of specific enhancement is foreseen when TA report is supported.
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